Background/Aims: Sorafenib is the standard treatment for patients with advanced hepatocellular carcinoma (HCC). We aimed to investigate the prognosis predictors and the role of second-line cytotoxic systemic chemotherapy (CSC) in patients with advanced HCC after sorafenib discontinuation in the pre-regorafenib era.
Raf, vascular endothelial growth factor receptors, and plateletderived growth factor receptors, 4, 5 is the first proven therapeutic drug in patients with advanced HCC that accompanies portal vein invasion and distant metastasis. 6, 7 However, sorafenib treatment increased median overall survival by 2.8 and 2.3 months only as compared to the placebo in two multicenter phase III trials. 8, 9 Although there were significant benefits with sorafenib treatment with respect to survival and disease control rate, most of the disease controlled patients showed stable disease such that the tumor size showed neither sufficient shrinkage to qualify as partial response nor sufficient increase to qualify as progressive disease. [8] [9] [10] Moreover, the overall incidence of sorafenib-related adverse events was very high, such as handfoot skin reaction, diarrhea, and fatigue. These adverse events led to dose reduction or discontinuation of sorafenib, resulting in a decrease of the anti-tumor effect of sorafenib. There have been several clinical trials for the treatment of advanced HCC patients with other target agents, such as sunitinib, 11 linifanib, 12 and brivanib. 13, 14 However, these drugs failed to show any clinical benefit in the prolongation of median survival. Further, the role of cytotoxic systemic chemotherapy (CSC) in patients with advanced HCC was unclear because there is neither any cytotoxic drug nor a combination of chemotherapy agents which have proven survival benefit in wellcontrolled, randomized trials. 15 Fortunately, recently another systemic agent of lenvatinib has been approved as a first-line therapy after phase 3 trial that showed non-inferiority compared with sorafenib in advanced HCC patients without main portal vein involvement. 16 However, there was no available second-line treatment after failure of lenvatinib.
Although regorafenib was first approved as a second-line therapy in 2017 17 and several other agents showed promising results, [18] [19] [20] in the pre-regorafenib era, the prognosis of patients with advanced HCC was very poor such that the median survival was 4.1 months after permanent discontinuation of sorafenib. 21 This poor prognosis resulted from poor liver function, shortage of studies about post-sorafenib prognosis, and absence of approved second-line therapeutic options.
Therefore, studies that investigate the predictor of survival and the role of second-line CSC for patients after sorafenib discontinuation are needed for widening the therapeutic strategy in HCC patients with sorafenib failure. In this study, we analyzed prognostic factors for these patients including second-line CSC in the pre-regorafenib era.
MEtHodS

Patients and data collection
From 2007 to 2015, we identified a total of 259 patients who were treated with sorafenib for advanced HCC. The exclusion criteria were 1) patients that were maintaining sorafenib at time of analysis, 2) patients that were lost to follow up during sorafenib treatment, and 3) patients that were prescribed sorafenib for 14 days or below. We retrospectively collected medical records of the patients including demographic data, laboratory data, the etiology of HCC, Eastern Cooperative Oncology Group (ECOG) performance status, tumor characteristics, and reason for discontinuation of sorafenib (tumor progression, adverse event, and clinical decompensation).
Treatment
After discontinuation of sorafenib, clinicians estimated the status of patients based on ECOG performance status, liver function, and tumor status. When general status was favorable (ECOG performance status 0 or 1) and liver function was preserved (child class A), these patients were candidates for second-line CSC. Depending on their consent, the patients received second-line CSC. The patients who were not treated with CSC received best supportive care.
The regimen of second-line CSC was composed of doxorubicin, cisplatin, and capecitabine. Doxorubicin 60 mg/m 2 and cisplatin 60 mg/m 2 were administrated on day 1 intravenously and oral capecitabine was prescribed for 21 days. Each cycle was repeated every 4 weeks. For nadir follow up, patients visited the clinic and checked complete blood count (CBC) and white blood cell differential counts from day 7 to 10. Patients who had received systemic chemotherapy took chest computed tomography (CT) and abdominal CT every https://www.e-jlc.org/ 2 cycles for assessment of treatment response. In the case of tumor progression, some patients received conservative management while other patients received third-line systemic chemotherapy that was comprised gemcitabine and oxaliplatin. 
Follow-up and outcome assessment
Patients and baseline characteristics
There were 259 patients who had been prescribed sorafenib due to advanced HCC ( Fig. 1 ). Among them, 19 patients were maintaining sorafenib at the time of analysis, 60 patients were lost to follow-up during treatment with sorafenib, and 14 patients were prescribed sorafenib for 14 days or below. As a result, 166 patients were enrolled in this study.
Among 89 patients who were a candidate for chemotherapy (Child-Pugh class A and ECOG 0-2), 41 patients were treated with systemic chemotherapy, four patients were treated with transcatheter arterial chemoembolization (TACE), and 44 patients received best supportive care as they refused further treatment. Among 77 patients who were not a candidate for chemotherapy, most patients received best supportive care (70 patients), but seven patients were treated with systemic chemotherapy because these patients insisted on further treatment. Finally, 114 patients received supportive care, Baseline characteristics of 166 patients are summarized in Table 1 . The mean age of the patients was 57.9 years and patients were predominantly men (81.9%). Hepatitis B virus (HBV) was the main etiologic factor for the development of HCC (74.1%), followed by alcohol consumption (12.7%) and hepatitis C virus (HCV) (6.6%). Most patients maintained good ECOG performance status (0/1, 63.2%) and only 54 patients (32.5%) received sorafenib as an initial treat-ment for HCC. Vascular invasion was observed in 96 patients (57.8%) whereas 135 patients (81.3%) had distant metastasis.
Disease progression (44.6%) and decompensation (36.7%) were the main cause for discontinuation of sorafenib.
Overall survival
When we analyzed the OS of patients after discontinuation of sorafenib, the prognosis was very poor. The median OS was 2.8 month (95% confidence interval [CI], 1.9-3.7) and 
Survival predictor of patients after discontinuation of sorafenib
For analyzing survival predictor of patients after discontinuation of sorafenib, Cox regression analysis was performed ( 
Survival benefit of second-line systemic chemotherapy compared to best supportive care
Next, we compared prognosis between the best supportive care group and second line systemic chemotherapy group after discontinuation of sorafenib. A total of 114 patients received best supportive care after discontinuation of sorafenib and median OS was 1.63 months (Fig. 4A ). For the 48 patients who were treated with second-line systemic chemotherapy, the median OS was 10.57 months. Median OS showed a significant difference (P <0.001 by log-rank test).
However, the best supportive care group included 70 patients who had discontinued sorafenib due to liver decompensation and these patients could not receive second-line systemic chemotherapy. Therefore, we excluded these patients and compared the median OS between selective best supportive care group and second-line systemic chemotherapy group. Characteristics of the selective best supportive care group and chemotherapy group are summarized in Table 3 .
Chemotherapy group showed lower age, higher albumin level, and low total bilirubin level compared to selective best supportive care group. Second-line chemotherapy group also showed better OS comparing to selective supportive care group (10.57 months vs. 4.34 months, P =0.023 by log-rank test) (Fig. 4B ).
Clinical outcomes of advanced HCC patients who received second-line systemic chemotherapy after discontinuation of sorafenib
We analyzed the response rate of 48 HCC patients who re- 
dIScuSSIon
Although the survival benefit of sorafenib has been shown by various studies, 8, 9 the prognosis of patients who discontinue sorafenib permanently was very poor. Iavarone et al. 21 reported that discontinuation of sorafenib due to adverse events, absence of macrovascular invasion, extrahepatic metastasis, and poor performance status were predictors of survival after discontinuation of sorafenib. After discontinuation of sorafenib, some patients were capable of receiving second-line treatment, especially those who discontinued sorafenib due to progressive disease or severe adverse events.
For justification of second-line treatment, studies that evaluate the survival predictor are needed including whether patients received second-line treatment.
In the treatment of HCC, clinicians should consider several factors including tumor stage, performance status, and especially, liver function. According to recent modified Barocelona Clinic Liver Cancer BCLC algorithm, systemic treatment was recommended in the advanced stage that represents portal vein invasion and extrahepatic metastasis with performance status 1 or 2 and Child-Pugh class A. 6 In case of discontinuation of sorafenib, Iavarone et al. 21 reported that 23% of the patients discontinued sorafenib due to liver decompensation. Likewise, 36.7% of the patients discontinued sorafenib due to liver decompensation or poor ECOG performance status in our population and these patients showed poor prognosis. Liver decompensation or poor general condition could be a critical factor in patients with HCC. However, discontinuation of sorafenib due to tumor progression or adverse events were good survival predictors and these patients could be ideal candidates for second-line treatment. 24 Further, our results showed that adverse events and tumor progression were good prognostic factors compared to clinical decompensation. In addition, serum bilirubin level, serum albumin level, and AFP were also significant factors influencing survival. In HCC patients, laboratory tests were important because some of them represent liver function.
Serum levels of bilirubin and albumin are markers that represent liver function, thus these might act as predictors of survival. AFP is a tumor marker for HCC surveillance and is associated with prognosis when present at high levels. 25 Likewise, the elevation of AFP level (above 400 ng/dL) is a significant prognostic factor in this study.
For the development of second-line treatment after sorafenib discontinuation in advanced HCC patients, other agents were investigated including brivanib, 14 everolimus, 26 and ramucirumab. 27 Unfortunately, these agents failed to improve OS and increased adverse events. Although Iavarone et al. 21 reported that median post-sorafenib survival (PSS) was only 1.8 months in patients with worsening liver function, PSS of the adverse event group was 7.3 months and that of tumor progression group was 4.6 months. Therefore, second-line therapy could be provided to these groups. In recent phase 3 trials, regorafenib, which is an oral multi-kinase inhibitor targeting various kinases involved in angiogenesis and tumorigenesis, 28 showed acceptable tolerability and significant survival benefit in patients with advanced HCC progressing on sorafenib as compared to the placebo. 17 Regorafenib increased OS in patients with metastatic colorectal cancer 29 and improved progression-free survival in patients with advanced gastrointestinal stromal tumor. 30 However, several adverse events have been reported including hand- 33 Although combination therapy with cisplatin, interferon α-2b, doxorubicin, and fluorouracil treatment showed increased survival compared with doxorubicin monotherapy, this was not significant. 34 However, most cytotoxic chemotherapies showed limited prolongation of median OS and there is no satisfactory randomized controlled trial. Moreover, recent advancement in the development of target agent constricts investigation for cytotoxic chemotherapy. Our result showed that doxorubicin-based chemotherapy increased median OS compared to control and represented a satisfactory objective response rate (20.8%) and disease control rate (50.5%).
Therefore, CSC could be a therapeutic option after sorafenib discontinuation in patients with advanced HCC in the preregorafenib era.
Because our study is retrospective, chemotherapy group and supportive care group were not randomized. Therefore, there is a possibility of selection bias because the decision for second-line chemotherapy was determined individually. Propensity scoring match would be the best option between the best supportive care group and second-line chemotherapy group, but it was impossible due to the small number of patients in this study. To compensate for the selection bias, we classified the selective supportive care group that had favorable performance status and preserved liver function and compared survival between second-line chemotherapy group and selective supportive care group. Moreover, because recent second-line therapy has been approved and is in development, the implication of this study should be interpreted as restricted survival analysis of sorafenib failure limited to the pre-regorafenib era.
In conclusion, serum bilirubin level, serum albumin level, AFP, the reason for discontinuation of sorafenib, and receiving of second-line treatment were significant survival predictors in patients who discontinued sorafenib permanently.
The survival of patients who discontinue sorafenib due to progression and adverse effects was significantly better than those who discontinued due to clinical deterioration. Moreover, patients who received second-line cytotoxic chemotherapy showed better survival than those who received only supportive care. Therefore, second-line CSC might be considered in patients who discontinue sorafenib permanently.
However, recently developed second-line therapies of regorafenib, 17 cabozantinib, 18 ramucirumab, 20 and nivolumab 19 should be compared with existing second-line cytotoxic therapies to determine clinical feasibility.
